Phonocardiography is of great importance in distinguishing coronary artery fistula from other anomalies with a continuous murmur. The presence of this murmur at the apex must be regarded as an important characteristic of a coronary artery fistu!a, especially when the maximum diastolic murmur is found at the apex.
A coronary artery fistula is an abnormal communication between one or both coronary arteries and one of the heart cavities or large vessels (McNamara and Gross, 1969) . The fistula may or may not be associated with other abnormalities of the heart.
In oldzr children and adults, an abnormal origin of a coronary artery from the pulmonary artery can be regarded as a coronary fistula. This abnormality, which usually involves the left coronary artery, is compatible with life only if there is a direct communication-and therefore a fistula-with the right coronary artery. In these patients, oxygen-rich blood flows from the right coronary artery into the left. In cases in which this communication is absent, the patient is bound to die at an early age because the myocardium is supplied with oxygen-poor blood from the pulmonary artery.
The diagnosis of a coronary artery fistula can offer difficulties. The murmur and all other clinical features can be very suggestive of a patent ductus arteriosus, for instance, and even right heart catheterization cannot always prevent an erroneous diagnosis.
Biorck and Crafoord (1947) were the first to describe an aberrant coronary vessel to the pulmonary artery, which they treated successfully by operation. A fair number of reports have since been published on this anomaly, and most of these reports discuss the differential diagnosis from other abnormalities accompanied by a continuous murmur (Nadas, Gamboa, and Hugenholtz, 1964; Bjork and Bjork, 1965; Noonan and Spencer, 1965; Sterz, Pailer, and Muller, 1965; Talner, Halloran, Mahdavy, Gardner, and Hipona, 1965; Corone, Binet, Langlois, Leiva, Lainee, Geschwind, and Rochemaure, 1966;  Wesselhoeft, Fawcett, and Johnson, 1968; Barnes, Cheung, Anthony, and Wu, 1969) .
This paper discusses nine cases of coronary artery fistula with special reference to the phonocardiographic diagnosis of this congenital anomaly.
CASE REPORTS (in chronological order) CASE I Patient W. was a 5-year-old girl without symptoms. Phonocardiographic examination disclosed a continuous murmur along the left sternal border; both the systolic and the diastolic murmurs had a late maximum. At the apex, these murmurs were distinct also. In the left as well as the right subclavicular region there was a holosystolic murmur and a slight late diastolic murmur. The electrocardiogram showed no abnormality. Heart catheterization disclosed an oxygen jump in the right ventricle. The pressure in the right ventricle was normal. The aortogram showed, at the heart apex, a vascular convolution which communicated with the left coronary artery (Fig. 1) . The condition was diagnosed as coronary artery fistula between the left coronary artery and the right ventricle. An operation was performed, using extracorporeal circulation. The vascular convolution was incised and it was found that the left as well as the right coronary artery opened up into the right ventricle through this convolution. The exits of both coronary arteries in the vascular convolution were licated.
The post-operative course was uneventful, and a follow-up phonocardiogram recorded a few months later disclosed nothing abnormal. she had elsewhere undergone a left-sided thoracotomy for what was believed to be a patent ductus arteriosus, which was not found at this operation. The present phonocardiographic examination revealed a holosystolic and holodiastolic murmur along the left sternal border. There was no interval between the heart sounds and murmurs. At the apex, too, there was a systolic and a fairly loud diastolic murmur (Fig. 2) . The electrocardiogram was normal. Heart catheterization disclosed an oxygen jump in the pulmonary artery. No angiocardiography was carried out. The condition was diagnosed as a coronary artery fistula to the pulmonary artery and an operation was performed using extracorporeal circulation. External examination of the heart showed that virtually all branches of both coronary arteries were dilated. The pulmonary artery was opened and it was found that the right coronary artery opened up into the pulmonary artery. The orifice was closed from the inside.
The post-operative course was uneventful. Followup after two years revealed no symptoms. The electrocardiogram was normal, as was the phonocardiogram. CASE 3 Patient H. was a boy aged 10 without complaints. Phonocardiographic examination revealed a continuous murmur along the left sternal border. The systolic as well as the diastolic murnur had a late maximum. Both murmurs were present also at the apex. In the left and right subclavicular regions there was a holosystolic murmur combined with a slight, short diastolic murmur. The electrocardiogram was normal. The condition was diagnosed as patent ductus arteriosus, but at operation the ductus was found to be closed. Further exploration disclosed a coronary artery fistula arising from a branch of the right coronary artery and extending to the right ventricle. At its entry into the right ventricle the afferent artery was ligated and cut.
The post-operative course was uneventful. A followup phonocardiogram recorded two years later disclosed no abnormality. CASE 4 Patient vW. was a 3-year-old boy without symptoms. Phonocardiographic examination revealed a holosystolic crescendo/decrescendo murmur along the left sternal border, in combination with a slight diastolic murmur. A systolic murmur and a short protodiastolic murmur were present at the apex. The left and right subclavicular regions contained a systolic murmur, but no diastolic murmur was recorded. Heart catheterization disclosed normal pressures and failed to show an oxygen juimp. It was possible to pass a catheter through a coronary artery into the left atrium. The angiocardiogram also showed this communication (Fig. 3) . The condition was diagnosed as a coronary artery fistula to the left atrium; at operation it was found to arise from the left coronary artery. Partial clamping of the left atrium made it possible to close the fistula orifice from the inside.
The post-operative course was uneventful. At CASE 7 Patient P. was a woman aged 52 with mild exertional dyspnoea. Phonocardiographic examination revealed, along the left sternal border, a systolic murmur which continued decrescendo until the second heart sound. The latter was followed immediately by a diastolic murmur. In the left lateral recumbent position there was. at the apex, a holosystolic murmur with a late maximum and a holodiastolic murmur. A systolic and a diastolic murmur were present in the left and right subclavicular regions. The most conspicuous feature was the venous curve, in which the V-wave was higher than the a-wave (Fig. 6) . Heart catheterization disclosed an oxygen jump in the right atrium. The aortogram seemed to indicate that the left as well as the right coronary artery opened up into the right ventricle (Fig. 7) . The right atrium was opened under extracorporeal circulation. The fistula proved to end in the coronary sinus. The coronary sinus was opened from the outside, and the afferent arteries were ligated.
The post-operative course was uneventful. At follow-up a few months later the phonocardiogram was normal. The exertional dyspnoea had improved. Third tracing: jugular venous tracing shows a v-wave which is higher than the a-wave. Bottom tracing: high frequency phonocardiogram shows a systolic murmur starting 0-06 sec. after the onset of the first heart sound and a short protodiastolic murmur.
examination disclosed a continuous murmur with its maximum in the left second intercostal space. At the apex there was a systolic murmur with a late maximum and a diastolic murmur. Heart catheterization and angiocardiography revealed atresia of the pulmonary artery, ventricular septal defect. and marked desaturation in the aorta. The coronary arteriography also showed a coronary fistula communicating with the pulmonary artery (Fig. 8) . A total surgical correction was performed analogous to that of Rastelli. Ongley, Davis, and Kirklin (1965 (Fig. 9) . The electrocardiogram showed a sinus rhythm with a slight ST depression and flat T-waves over the left precordium. Heart catheterization disclosed no oxygen jump in the right heart. Coronary arteriography showed a tortuous, highly distended descending branch of the left coronary artery, which probably emptied into the left ventricle (Fig. 10) . The circumflex artery and the right coronary artery were normal. Radiologically, the left ventricle was slightly enlarged. In view of the patient's age and the absence of complaints, surgical treatment was not resorted to at this time.
DISCUSSION
A coronary artery fistula is a fairly rare congenital anomaly. Nearly always, the blood supply to the heart is sufficient and anginal symptoms are therefore absent in most cases; nor are there electrocardiographic changes of significance.
The most common type of coronary artery fistula is that between the right coronary artery and the right heart, usually the right ventricle. Blood flows from the high-pressure artery to the low-pressure part of the heart, both in systole Selective coronary arteriography can confirm the diagnosis, although even then it remains difficult to establish in which part of the heart the fistula is situated. The localization of the fistula orifice in the right heart may be shown by coronary arteriography combined with heart catheterization (which discloses an oxygen jump). Of course the latter method cannot be used when the fistula opens up into the left heart, in which case coronary arteriography is the sole guide.
In view of the risk of bacterial endocarditis, coronary artery fistula generally requires operation, even when it is asymptomatic. In our lastmentioned patient (case 9), we refrained from surgery for the time being in view of her fairly advanced age (53 years); in this case, however, electrocardiographic ohanges did exist, and an operation may after all be necessary if these should prove to be progressive. Lam, Taber, Ziegler, and Green (1968) , which describes ventricular fibrillation in a patient in whom one normal artery was inadvertently ligated: the continuity was unsuccessfully restored with the aid of extracorporeal circulation. We, too, have found that it is not always possible to establish with certainty which coronary branches communicate with the fistula orifice. A different surgical technique was described by Swan, Wsilson, Woodwark, and Blount, Jr. (1959) -closure of the fistula orifice under direct vision with the aid of circulatory arrest and hypothermia. This procedure also has the advantage of leaving the continuity of the artery intact. McNamara and Gross (1969) concluded from personal experience and from the literature that the surgical technique used depends on the localization of the fistula, which can be established by means of selective coronary arteriography. A fistula not readily accessible because of its position, say, on the posterior side of the heart, requires an operation under extracorporeal circulation. The fistula orifice can then be closed either from the inside or from the outside. Extracorporeal circulation is required also in operations for coronary artery fistula with multiple orifices. The above-mentioned authors maintain that ligation of the fistula orifice without the aid of extracorporeal circulation is feasible only when it is evident that only a single, readily accessible orifice exists.
Our experience and the above-mentioned literature indicates that external ligation alone cannot rule out errors such as ligation of the wrong artery or failure to close all fistula orifices. Pre-operative coronary arteriography is likewise unable to eliminate the possibility of these errors. We believe that it is advisable to resort to extracorporeal circulation in all operations for coronary artery fistula. This makes it possible to ascertain the position of the fistula orifice from the outside, by incision of the dilated coronary artery. After all, the localization of the fistula in this artery is suggested by the fact that the dilated coronary artery resumes a normal calibre at this site. 
